INTRODUCTION
As a result of various investigations it was supposed that the accumulation rate of the layers in the ear plug is two per annum. This is mainly based on the assumption of a more or less regular sequence of migration, feeding season, migration, non feeding season or reproduction season, migration, etc. However, as data from whale marking and age determination and about the sexual cycle were accumulating, doubt arose and discussion started on the yearly rate of increment of the layers in the ear plug. Ohsumi (1964) counted the number of layers of 6 fin whales caught 25 years after marking. The numbers of laminae were: 38, 38, 33, 28, 36, 34 . This would point to a mean rate of accumulation of 1.52 layers per year.
These results gave an extra impulse to the discussion.
However, in our opinion these figures can also be accounted for when it is assumed that the rate of accumulation is greater than two layers per year.
Then the layers at the distal end of the core of the plugs are pressed together to form a mass in which the layers are poorly or not at all to be discriminated.
Indeed we do not really know the rate of growth of the ear plug. This is also true of the mean maximum number of layers that may be visible in the ear plug. All countings of the layers in the core of the ear plug have been done by the naked eye. No special apparatus or methods are used. This accounts for the results being very variable and evidently subjective. This clearly appears from the results of countings by a number of experienced people, as laid down in a report presented at the meeting of the International Whaling Commission of July 1967. These results are a clear demonstration of the very limited value of the counting method. This conclusion is supported by Ichihara (1963 Ichihara ( , 1966 , who studied the development, Purves (1955 Purves ( , 1958 , Laws and Purves (1956) and
Purves and Mountford (1959) have given extensive descriptions of the presence of alternating light and dark layers in the ear plugs of baleen whales. Their assumption that these layers are seasonal depositions is based on the regular sequence of a feeding season and a non feeding season with migratory movements in between. They have also counted the number of layers visible in the core of the ear plug and correlated these with data about the body length of e.g.
the fin whales at sexual and physical maturity.
Their conclusion was that there is a relation between the number of layers present in the ear plug and the body length at which the animals attain sexual and physical maturity, and that the ear plug is useful in age determination. It was supposed that the advantage of the use of the ear plug over the use of the baleen plate in age determinationis that the ear plugs are completely enclosed in the external meatus and in this way protected from wear and other influences which could cause loss of material from the ear plug.
Therefore it was supposed that all material and all layers deposited during the life of the animal remained present unchanged and, therefore, better could be used in age readings than other criteria.
The baleen plates, which were shown to have value in age determination (Ruud, 1940 (Ruud, , 1945 (Ruud, , 1958 Van Utrecht, 1966 and Van Utrecht-Cock, 1966) , are indeed subject to wear at the tip, so that part of the baleen plate is always missing in animals above a certain age (as a mean about 5 years). A correction, however, is possible with the help of the corpora albicantia, the signs of ovulations, which remain visible in the ovaries of baleen whales during their life. It has to be presumed that the combined results of age determination by means of an analysis of the baleen plates and of the ovaries must give the same results as those derived from the analysis of the ear plugs.
formation and growth of the ear plug (Ichihara, 1959 (Ichihara, , 1963 (Ichihara, , 1964 (Ichihara, , 1966 (1966) and Roe (1967) , agree that the light layer is mainly formed in the feeding season. As a basis for their argumentation they use the regular sequence of a feeding season, This is also true for the other groups of fin whales.
In our opinion the numbers of animals aie too small to lend much support to the supposition that two layers, a dark one and a light one, are formed per
year.
Moreover, the graph for the mature females shows that always, even in the summer months, in 10% of the animals or even more a dark layer is formed.
As the rate of growth of the ear plug is unknown these figures, in our opinion, do not necessarily indicate that one light and one dark layer are formed per year, and they could also be used for explaining a much higher rate of accumulation of the dark and light layers even twice as high or more.
Ruud (1940, 1945, 1958) has developed a method of age determination on baleen plates. His analysis of the baleen records is based also on the regular sequence of a feeding seasonnon feeding season, etc.
Ruud supposes
that, due to the sudden start of feeding in spring after a period of migration from lower latitudes to higher latitudes, the baleen plates also start to grow at a higher speed. This will result in a sudden increase in thickness. However, not in all baleen records these "jumps" are present and the distance between consecutive "jumps" is not very regular. the very first beginning of the cortical layer cell material from the gum is added to this layer. This also means that the total thickness of the baleen plate is already determined at the basis of its "root", also because the addition is symmetrical to both sides of the plate.
In the analysis of the records of thickness of the baleen plates of fin whales (Van Utrecht-Cock, 1966) the record of the course of the thickness of the "root" part of the plate embedded in the gum is also used.
So the entire length of the baleen plate from the point where it is formed to its tip has been used. This thus is comparable to what is done for the ear plugs.
From the analysis of the records of baleen plates of female fin whales it became evident that certain peaks and combinations of peaks were very pronounced and occurred at irregular intervals as well in the curve of the thickness of the "root" of the plate as also in the free baleen plate. It was shown that in the case of a pregnant female such a peak or combination of peaks were present in the record pertaining to the "root" of the baleen plate. The distance of this peak to the beginning of the cortex ("date point" i.e. the moment the animals died) corresponds with the length of the foetus on the basis of growth curves (Laws, 1961; Naaktgeboren, Slijper and Van Utrecht, 1960) . The distance between two such peaks or combinations of peaks also corresponds with a complete pregnancy and lactation period at least, calculated on the basis of the speed of growth of the foetus. This made it evident that these pronounced peaks are related to or caused by an ovulation and it was supposed that the mitotic activity in the epidermal tissue of the gum was raised by the increased production of oestrogen immediately prior to or at the moment of ovulation (see Bullough, 1943 Bullough, , 1947 Bullough, 1946 Bullough, , 1962 . In this way more material is added from the gum to form the cortex than is normally the case when the mitotic activity is at a lower level. From the baleen records it is of course clear that also other factors can stimulate or retard the growth of the baleen plate. Moreover in the records a difference in pattern is clearly present when comparing those of male and of female fin whales. In the records of baleen plates of males the pattern is more regular. In our opinion the irregularity in the records of females is due to the sexual cycle which can show great variations in length of time, as a pregnancy and lactation period lasts about 18 months, while the interval between two ovulations without pregnancy can last about four to six months.
From the baleen records of males we got the impression that the maximum duration of the period of sexual activity is about four to six months in regular sequence with an inactive period, in this respect, during the summer months.
From our investigation of baleen plates it has become evident that the sexual cycle, by its stimulating influence on the epidermal tissue involved in the formation of the baleen plate, influences the growth of the plate, which is particularly demonstrated in a sudden increase in thickness resulting in a peak. Ichihara (1966) , Rice and Wolman (1967) and Roe (1967a) also mention that there is a greater regularity in the sequence of light and dark layers in the ear plugs of male Rorquals than there is in the ear plugs of females. This points to an influence of the sexual cycle on the growth of the ear plug. It is also shown that the part of the baleen plate embedded in the gum is very important in the analysis because this provides the "date point" in the part of the plate which was last formed. Beside these facts it could be demonstrated that there is a certain sequence in peaks and hollows in the record of the baleen plate, typical for each individual fin whale, which is regularly repeated along the entire length of the record. This regular repetition made it possible to divide the record into "growth periods". As far as could be ascertained these "growth periods" cover a period of about 12 months (see Van Utrecht-Cock, 1966 Baleen records are made and analysed according to the method described by Van Utrecht-Cock (1966) .
For the baleen plates the number of "growth periods" is given for the total baleen plate (outer baleen plate -)-part of the plate embedded in the gum), the length of the "growth periods" is given for the outer baleen plates only. The records of the core of the ear plugs have been obtained according to the principles described by Ichihara (1963 Ichihara ( , 1966 In fact the brightness of the surface of the bisected ear plug is measured and therefore the peaks correspond with the light bands in the core of the plugs. This also means that our records are comparable with the records published by Ichihara (1966) . The weights of the ovaries and the weights and measurements of the corpora were determined according to the methods described by Van Utrecht-Cock (1966) . The resemblance of the record of the ear plug to that of the baleen plate of one individual fin whale is striking.
As both, the baleen plate and the ear plug, are formed by epidermal tissue, it is reasonable to assume that both epithelia will react identically on e.g. a stimulans or sequence of stimuli, which thus will result in corresponding depositions in the baleen plate and in the ear plug.
As is said on page 82 it is possible to divide the baleen record into "growth periods", in each of which there is a repetition of the sequence and height of peaks and hollows (see also Van Utrecht-Cock, 1966 ). This is also done for the baleen records of the female fin whales used here.
In the same way the records of the ear plugs are divided into "growth periods". The division lines between the periods in the record could only be placed at points comparable to those in the baleen record. Comparing the records of the ear plugs we find a repetition of the sequence and height of the peaks and hollows, which is the same as in the baleen record, although on a much smaller scale (fig. 2 ). This points to a lower speed of growth of the ear plug than for the baleen plate.
In the records of baleen plates of two young animals the "double hump", generally related with sucking and weaning, is present. In the record of the ear plug of these animals there is also a "double hump", which in each individual was completely comparable to the "double hump" in the baleen record ( fig. 3 ).
In the records of ear plugs of older female fin whales, a number of typical peaks were present. In the records of the corresponding baleen plates the same peaks were present, relatively in the same position as compared with the peaks and hollows on either side. In fig. 4 (1966) has shown that there is a relation between the length of the animal and the length of the baleen plate. These calculations have also been made for the material used in this comparison.
The relation of the length of the animal with the length of the baleen plate as shown formerly, is for this material y = 0.95 x -0.51 (x = length of the animal in feet, y = length of the baleen plate in cm).
The best fitting straight line differs significantly from the horizontal line as is proved by Student's t-test (v = 50, t = 6.05, P < 0.05) ( fig. 5 ).
The length of the ear plug measured in a straight line along the record of the ear plug, which has a linear enlargement of 8.5 times, shows the same relation as was found for the baleen plates (y = 1. It has been shown that there is a relation between the length of the "growth periods" in a baleen record and the number of periods in the outer baleen plate (Van Utrecht-Cock, 1966) . "These differences may be caused by individual differences in the rate of growth of the baleen plate. In animals with three complete "growth periods" in the outer baleen plate the mean length of the "growth periods" is significantly longer than the mean length of the "growth periods" of an animal with seven periods in the record of the outer baleen plate". This was also evident in the records of baleen plates Ordinate: number of "growth periods". In the ear plugs no relation is found between the number of "growth periods" and the length of these periods. The equation for the best fitting straight line is y = 1.78 x + 69.94 (x = number of periods in the ear plug, y = length of the "growth periods" in the ear plug) ( fig. 12 ). This line does not differ significantly from the horizontal line (v -49, t = 1.03, P > 0.05).
A possible explanation for the differences between the baleen plate and the ear plug may be found in the differences in the direction in which material is added to the ear plug and to the baleen plate. In the ear plug the addition of new cell material to the plug is in the same direction as the plug grows, perpendicular from the meatal surface of the glove finger in distal direction and the cells in the various layers are also flattened in this direction. To the sides of the glove finger the thickness of the epithelium rapidly decreases and obviously also the amount of cell material added to the plug here, because the lateral parts of the plug rapidly become thinner (see e.g. Ichihara, 1959) . Moreover, here the addition is also in the direction of growth of the ear plug, although the amounts of cell material added are very small as compared with those at the top of the glove finger. This can be seen in a bisected ear plug, because to the sides of the core of the plug the light and dark layers taper out and are hard to distinguish here.
Is is clear that the increase in length is the most important as is shown by Ichihara (1959) . In the ear plug the growth in length exceeds far the increase in the direction perpendicular to the long axis of the plug. His fig. 8 shows clearly the small changes in size perpendicular to the long axis of the plug, which take place during the life of the animal, though there are of course individual variations.
In the "root" of the baleen plate the situation is different (see Van Utrecht, 1966; p. 22;  fig. 25 ). Here the general direction of growth is also in the direction of the long axis of the plate, thus perpendicular to the surface of the epithelium in which the "root" is embedded and by which it is formed. The direction in which the cells of the epithelium move to form the cortical layer of the baleen plate, from which the sculpture is used in age determination, however, is quite different. Besides a general movement of cells parallel to the direction of the long axis of the baleen plate there is a movement of cells in a direction diverging about 30°to 50°from the former. This is sure to have its effect on the lengths of the "growth periods" in the baleen plates and the ear plugs. It is to be expected that the variation in the length of the "growth periods" in the records of the ear plugs will be greater because the direction of growth of the ear plug is only longitudinal and all cell material is added to the proximal end of the core.
It is clear that variation in amount of cell material added in this direction, will result in greater variations in the lengths of the "growth periods" in the records of the ear plugs of the various animals.
In the baleen record it is to be expected that the variations in lengths of the "growth periods" is smaller in the various individuals as the direction of the addition is under an angle with the long axis.
In the material used for the present examination no difference was found contrary to earlier results (Van Utrecht-Cock, 1966) Whether there will be the same relation between the age of the animal and the length of the "growth periods" in the baleen plate, and between the age of the animal and the length of the "growth periods" in the ear plug or whether there will be a difference, is uncertain.
The material used for this comparison is too small.
As well in the baleen plates as also in the ear plugs no direct relation was found between the age of the animal, based on the number of corpora in the ovaries, and the number of "growth periods" present. For the baleen plate the equation of the best fitting straight line is y = 1.34 x + 3.75 (x = number of "growth periods" in the baleen plate, y = number of corpora in the ovaries) ( fig. 15 ). This line does not differ In previous work (Van Utrecht-Cock, 1966) it has been shown that the baleen plate can only grow to a certain length. When this length is reached wear at the tip compensates further growth. Therefore, as a mean, about 5-7 "growth periods" aire then present in the total baleen plate (part of the baleen plate embedded in the gum + outer baleen plate). The longest baleen plate of a female fin whale we ever had, showed 10 "growth periods".
As is shown above, there was also no direct relation between the age of the animal and the number of "growth periods" present in the ear plug. The maximum number of "growth periods" found in the ear plugs is 9. The calculated age of these two animals is 28.4 and 26 years respectively. In all other animals, even the older ones, the number of "growth periods" is consistenly lower (see table II ). This is a strong indication that the increase in length of the ear plug is obstructed in some way or other at a certain moment during the life of the animal. The moment at which this obstruction influences further outgrowth of the ear plug shows great individual variations.
From table II it is evident that there is a considerable discrepancy between the number of "growth periods" in the ear plugs and in the baleen plates (see also figs. 2d and 2e).
In 21% of the cases the number of "growth periods" in the baleen plate and in the ear plug was the same.
In 17% of the animals examined the number of "growth periods" in the baleen plate was smaller (1 to 3 periods) than it is in the ear plug. In 62% of the animals the number of "growth periods" was greater in the baleen plate (1 to 6 periods) than it is in the ear plug. Of the baleen plate it is known that wear at the tip is the cause that only part of the plate as it has been formed during the life of the animal is available (Ruud, 1940 (Ruud, , 1945 Van Utrecht-Cock, 1966) . From the fact that in general the number of "growth periods" in the records of the ear plugs is even smaller than in the records of the baleen plates it must be concluded, contrary to what is generally supposed, that here also only a part of the material formed during the life of the whale is visible as layers (peaks and hollows in the record). At the tip the layers which form the core of the ear plug have been pressed together so strongly as to form a mass in which the separate layers are no longer visible.
CONCLUSIONS
In the records of the ear plugs no indications are found that older "growth periods", formed at a younger age of the animal, are shorter, as is clear from table III. Therefore it must be concluded that compression of the layers, at the tip of the core, is not gradual but occurs suddenly.
From all data produced is must be concluded that, although the ear plug is completely protected in the external meatus and not subject to wear, and its growth is influenced by the same factors as found for the baleen plate, the age determination based both on baleen plates and ovaries gives far more reliable results. A limitation is that this method gives the best results for female fin whales, but the same is true for the ear plugs. For the records the complete baleen plates including the part of the plates embedded in the gum are used. All ear plugs used for this study were complete and undamaged.
of it was found at the right hand side of both. In some of the animals an "ovulation peak" was present at the same time at the beginning (left hand end) in the record of the baleen plate and ear plug; in both in the same position with respect to the surrounding peaks and hollows. This is also true for the records of ear plugs and baleen plates of older females.
5. The records of the ear plugs can be divided into "growth periods" according to what is done in the records of the baleen plates. In each individual the division between the "growth periods" in the record of the ear plug are in the same position with respect to the sequence of the surrounding peaks and hollows as is found in the record of the complete baleen plate. In both records the cyclic repetition of peaks and hollows in the successive "growth periods" is clear.
6. In 21% of the animals examined the number of "growth periods" in the record of the ear plug is equal to the number present in the record of the baleen plate. In 17% of the animals examined the number of "growth periods" in the record of the baleen plate was lower (1 to 3 "growth periods") than was found in the record of the ear plug. In 62% of the animals examined the number of "growth periods" in the baleen plate was greater (1 to 6 periods) than was found in the ear plug.
7. Evidence was put foreward that the increase in length of the ear plug is obstructed after the animal has reached a certain age. This moment is not the same for all animals but is probably related to the various "constitution types" present in the catch.
It is shown that in the distal end of the ear plug the length of the "growth periods" suddenly decreases, so only a certain maximum number of "growth periods" can be found. In the baleen plate the same situation exists due to wear at the tip of the plate. 
